I
ntramedullary spinal cord tumors are rare, representing only 2% -4% 1 of all CNS tumors, and astrocytomas represent only 6% -8% 2 of these tumors. The low incidence of these malignancies has resulted in a limited number of studies of this tumor type; many studies have combined the analysis of spinal astrocytomas with other glial tumors, such as ependymomas, making it difficult to adequately interpret the data.
The existing literature on spinal astrocytoma treatment remains ambiguous in terms of prognostic factors or optimal therapy. Some studies have associated surgery with worse outcomes in low-and high-grade tumors, 1 -4 whereas others suggest that surgery is associated with superior outcomes 5 -9 in both high-grade 6, 7 and low-grade 8 tumors. Some have reported that extent of resection does not significantly affect outcomes. 7,8,10 -12 Likewise, reports are inconsistent about the impact of radiotherapy, which has been associated with the spectrum of worse outcomes, 9 no change in outcomes, 1, 7, 12, 13 or superior outcomes 2, 3, 14 in different studies. Fewer studies have examined the efficacy of chemotherapy, with 2 studies suggesting no significant impact on outcomes. 1, 13 In addition, there is little consensus on the significance of prognostic factors. Only tumor grade has been consistently associated with outcomes among studies. 2,5,12,15 -19 In this retrospective study, we investigated the associations between outcomes and the treatment modalities of surgery, radiotherapy, and chemotherapy and the effect of various prognostic indicators in a cohort of 83 patients, both adults and children, with spinal astrocytomas, who were treated at MD Anderson Cancer Center (MDACC).
Patients and Methods
In this retrospective study, which was approved by the appropriate institutional review board, 83 patients with histologically confirmed spinal astrocytoma were identified from an institutional database of spinal cord gliomas treated at MDACC from 1990 through 2011. Chart review was used to collect data on patient demographic characteristics, prognostic indicators, treatment modalities, and clinical outcomes for each patient. Because MDACC serves as a referral center, 11 patients underwent operations at outside institutions before referral. Pathological slides from these patients and all other patients were reviewed by a neuropathologist at MDACC.
Prognostic factors collected included age at diagnosis, sex, World Health Organization (WHO) grade, cord location, number of segments involved, symptoms (deficits in sensation, motor function, or pain), symptom duration, and the number of neurologic deficits (i.e., a patient with both sensory and motor deficits would be considered to have 2 deficits). The treatment modalities reviewed included surgery (biopsy, subtotal, or total resection per review of operative reports), postoperative radiotherapy, and chemotherapy.
Tumors were graded according to the WHO grade, as recorded in the latest pathological report. If pathology reported a low-grade malignancy, the presence of cysts or contrast enhancement on imaging was used to further classify the tumor as pilocytic, because these tumors tend to enhance with contrast. 20 Operative and radiological reports were used to determine tumor location, number of spinal segments involved, and surgeondefined extent of resection. Outcomes were correlated with the initial treatment modality. Progression-free survival (PFS) time was calculated as the time from treatment to evidence of recurrence on imaging or death. Overall survival (OS) was calculated as the time from diagnosis to death. For those patients discharged to hospice care and subsequently lost to follow-up, date of death was collected from the Social Security Index provided by the US Social Security Administration.
Univariate Kaplan-Meier survival analysis was performed with Wilcoxon and log-rank tests, and the Cox proportional hazards regression analysis was used for multivariate analysis.
Multivariate analysis was performed on the infiltrative tumors but not pilocytic tumors because of the small number of pilocytic cases (n ¼ 31). The covariates selected included the 3 treatment modalities, age at diagnosis (per year), WHO grade, number of spinal segments involved (≥3 or ,3), number of neurological deficits (≤1 or .1), and symptom duration (median of ≥4.6 months). Both the number of spinal segments involved and the number of neurological deficits were considered as relating to the extent of tumor infiltration and, thus, were potentially good candidates as prognostic variables; symptom duration was included because it was a significant prognostic indicator for survival on univariate analysis.
The variable gross total resection (GTR), compared with less than GTR, was used in univariate analysis. However, 4 patients with infiltrative tumors had a resection that could not be further classified as either subtotal or total based on operative reports or imaging. To include these patients in the multivariate analysis, the variable more than biopsy, compared with biopsy only, was used instead.
Pearson's x 2 tests were used to compare demographic variables. P values ,.05 were considered to be statistically significant.
Results

Patient Characteristics
The patient characteristics are summarized in Table 1 . Median age at diagnosis was 28.3 years, with a range of 3 months through 77 years; 31 patients had WHO grade I tumors, 14 had grade II, 18 had grade III, and 18 had grade IV; 2 patients were classified as having high-grade tumors, indicating either grade III or IV. Chemotherapy was administered to 41.8% of patients, radiotherapy to 69.5%, and surgery (subtotal or total resection) to 55.5%. The most commonly administered chemotherapeutic agent was temozolomide, which was used in 17 cases; carmustine (BCNU) was the second most common agent and was administered in 4 cases. Other agents used included VP-16, combined vincristine and carboplatin, and the 6-thioguanine, procarbazine, lomustine, and hydroxyurea; procarbazine, lomustine, and vincristine; and nitrogen mustard, vincristine, and procarbazine prednisone regimens. Median follow-up time of patients alive at the time of analysis was 8.4 years, and median follow-up time of all patients was 4.1 years. Because of the known distinct biological and clinical behaviors of these subtypes, the overall cohort was subdivided into a pilocytic group (WHO grade I) and an infiltrative group (WHO grade II, III, and IV) for analysis of outcomes.
Extent of resection was not significantly different (P ¼ .23) between the infiltrative and pilocytic tumors; however, patients with infiltrative tumors were more likely to have only a biopsy (42.3% vs 29.0%) and less likely to have a gross total resection (GTR; 11.5% vs 29.0%). Infiltrative tumors were significantly more likely to be treated with radiotherapy (82.4% vs 48.4%; P ¼ .0012) and chemotherapy (58.3% vs 16.1%; P ¼ .0002). Patients with infiltrative tumors were also more likely to present with motor deficits (70.0% vs 37.9%; P ¼ .0053).
Univariate Analysis
Univariate survival analyses of OS and PFS are summarized in Tables 2 and 3 . Kaplan-Meier plots of OS and PFS are shown in Fig. 1 . The 1-, 2-, and 5-year OS rates of the pilocytic group were 97%, 97%, and 85.4%, respectively. The 1-, 2-, and 5-year OS rates of the infiltrative group were 84%, 66.3%, and 36.4%, respectively.
Pilocytic histology was a significant prognostic indicator for improved OS (mean, 16.0 vs 4.23 years; P , .0001) and PFS (median, 3.33 vs 0.89 years; P ¼ .0017). Among the pilocytic group, chemotherapy was associated with worse OS (mean, 2.92 vs 19.4 years; P ¼ .032) and worse PFS (median, 1.59 vs 6.09 years; P ¼ .023). Radiotherapy was also significantly associated with worse PFS (median, 2.54 vs 13.2 years; P ¼ .047). Although not statistically significant, GTR was associated with better PFS among pilocytic patients (median, 6.09 vs 3.04 years; P ¼ .070). Sensory deficits were nonsignificantly correlated with worse OS (mean, 6.23 vs 19.4 years; P ¼ .057), and motor deficits were associated with improved PFS (median, 8.19 vs 1.92 years; P ¼ .040).
Among the infiltrative group, WHO grade was a strong prognostic indicator for improved OS (P ¼ .0004) and PFS (P ¼ .036). Grade II patients had a mean survival (OS remained .50%) of 7.61 years, grade III had a 2.82 year median survival, and grade IV had a 1.39 year median survival. Chemotherapy had a nonsignificant association with worse OS (median, 2.18 vs 4.37 years; P ¼ .13). A comparison of PFS and OS among patients treated with temozolomide compared with other agents was not significant. Although not statistically significant, GTR was associated with worse OS (median, 1.35 vs 2.86 years; P ¼ .15). Having .1 type of neurologic deficit (pain, motor, or sensory) was Percentages do not sum to 100% because some patients were tabulated more than once. c Six patients has surgery that was documented as subtotal or total and were not tabulated but were included in other analysis. nonsignificantly associated with worse OS (median, 2.18 vs 6.38 years; P ¼ .10), and a brief (,4.6 month median) symptom duration had a significant association with worse OS (median, 1.37 vs 2.86 years; P ¼ .027).
Multivariate
The results of multivariate analysis for infiltrative patients are presented in Table 4 . WHO grade was associated with significantly worse OS (P ¼ .014) and PFS (P ¼ .018), and chemotherapy was associated with significantly improved PFS (hazard ratio ¼ .22; P ¼ .0075) among infiltrative patients. Patients with .1 neurologic deficit had significantly worse PFS (hazard ratio ¼ 3.35; P ¼ .0496).
Discussion
The results of our study confirm the importance of WHO grade as the most significant prognostic variable in patients with spinal cord astrocytomas. In addition, they also demonstrate the distinctly better prognosis of patients with pilocytic subtype, compared with infiltrative tumors. Our reported 5-year survival times for pilocytic and infiltrative patients (85.4% vs 36.4%) are similar to those reported by Minnehan et al. 2 From a therapeutic perspective, the follow-up time of 8.4 years in living patients and 4.1 years in all patients allows for clinically relevant interpretation of data. In this context, we did not observe a significant difference in outcomes with more extensive surgery or with radiotherapy. However, we identified an association between significantly improved PFS and chemotherapy among patients with infiltrative subtype of cord astrocytomas. This study is one of the few to report on the administration of chemotherapy in spinal astrocytomas; the potential benefit seen in the infiltrative subtype may suggest a role for this modality in this subgroup that will need to be confirmed in prospective studies.
Characteristics
The more prevalent use of radiotherapy in infiltrative tumors, compared with pilocytic tumors (48.4% vs 82.4%; P ¼ .0012), reflects the need to address residual disease after surgery in infiltrative tumors and, likely, the preference for more aggressive treatment for infiltrative tumors, given their worse prognosis. For similar reasons, chemotherapy (16.1% vs 58.3%; P ¼ .0002) was more often used in infiltrative tumors. The nonsignificant (P ¼ .23) difference in extent of resection between infiltrative and pilocytic tumors reflects the technical difficulty of removing infiltrative tumors, which had fewer GTRs (11.5% vs 29.0%).
Treatment
GTR showed a trend toward improved PFS among pilocytic patients (P ¼ .070) but was not associated with improved OS; this may be related to the overall slower growth rate of these tumors or the use of adjuvant therapies in subtotally resected tumors. However, this result could also have been influenced by the small numbers of patients and the loss to follow-up of several patients after having local failure, resulting in a decrease in the power of the OS analysis. Surgery classified as more than biopsy in infiltrative astrocytomas was not associated with a significant difference in PFS (hazard ratio ¼ 0.38, P ¼ .080) in multivariate analysis, likely because of the high frequency of local failure of residual disease. Extent of resection in infiltrative tumors in univariate analysis showed a trend toward worse OS (median 1.35 vs 2.86 years; P ¼ .15) with GTR. This may represent the correlation between more aggressive surgery in patients with higher-grade astrocytomas in this study, rather than worse outcomes because of the surgery.
Radiotherapy among pilocytic patients was not associated with a survival difference, but was unexpectedly associated with worse PFS (median, 2.54 vs 13.2 years; P ¼ .047) in univariate analysis. This result is most likely attributable to an association with worse prognosis and the decision to administer radiotherapy. We did not find a significant association between radiotherapy and outcomes in multivariate analysis of infiltrative tumors. This unexpected lack of improvement in PFS with radiotherapy may partially have occurred as the result of patients with less favorable prognosis at diagnosis being disproportionately treated with postoperative radiation. However, we did not find an association between WHO grade in infiltrative tumors and the frequency of postoperative radiotherapy (data not shown), suggesting that other prognostic factors and clinical judgment may likely influence the decision to administer radiotherapy in cases with less favorable prognosis. The only prognostic indicator for OS among pilocytic patients was sensory deficits, and we likewise did not find a significant association between radiotherapy administration and sensory deficits (data not shown).
Patients with pilocytic tumors treated with chemotherapy had worse OS and PFS in univariate analysis. Again, this is most likely attributable to an association between chemotherapy administration and poor initial prognosis, as described previously. Among patients with infiltrative tumors, univariate analysis showed no difference in outcomes with chemotherapy; however, chemotherapy was significantly associated with improved PFS (hazard ratio ¼ .22; P ¼ .0075) in multivariate analysis. This result likely demonstrates a real improvement in PFS with chemotherapy when various prognostic factors were accounted for in the multivariate analysis. We note that there was not a significant improvement in OS (hazard ratio ¼ 0.89; P ¼ .83), and this may partially be explained by the observation that some patients failed locally and were subsequently lost to follow-up, resulting in a decrease in the power of the OS analysis.
The most commonly administered chemotherapeutic agent was temozolomide. A comparison of PFS and OS among patients who received temozolomide, compared with other agents, was not significant. Because of the relatively smaller number of patients treated with chemotherapy and regimen changes for some patients because of toxicities, this result was not surprising. We cannot draw conclusions regarding the use of specific agents from this smaller subset of the data.
Prognostic Indicators
Among patients with pilocytic tumors, univariate analysis showed an association between worse OS with sensory deficits but improved PFS with motor deficits. Bouffet et al. 15 similarly found an association between sensory deficits and worse outcomes; perhaps, sensory deficits are less likely to prompt patients to seek medical care, compared with motor deficits, potentially delaying diagnosis and treatment and resulting in worse outcomes. As expected, WHO grade among infiltrative tumors was a significant prognostic indicator for OS and PFS in both univariate and multivariate analyses. WHO grade remains the most consistent and effective prognostic indicator in the literature, and our study confirms this. Long symptom duration (median, .4.6 months) had a significant association (P ¼ .027) with increased OS in univariate analysis and is consistent with findings by Minnehan et al. 2 However, symptom duration did not maintain significance in multivariate analysis. Presence of .1 neurologic deficit was a significant indicator of worse PFS in multivariate analysis, and we speculate that this may correspond to the extent of tumor infiltration.
The limitations of our study include its retrospective nature, which may introduce selection bias when interpreting results; the small number of patients in the pilocytic subgroup, which precluded a multivariate analysis; and the potential confounding effects of changes in diagnostic and therapeutic modalities over the period studied. We opted not to perform a multivariate analysis of a combined cohort, which would have been less useful in studying the efficacy of different treatment modalities, because treatment decisions should take into account whether a tumor is pilocytic or infiltrative.
Conclusion
The results of our study confirm the importance of WHO grade as the most significant prognostic variable in patients with spinal cord astrocytomas. Our findings suggest that chemotherapy confers significant improvement in PFS among patients with infiltrative astrocytomas.
